Development of   the High Efficiency Rolling Piston Type Rotary Compressor for Alternative Refrigerant R410a by Hwang, S. W. et al.
Purdue University
Purdue e-Pubs
International Compressor Engineering Conference School of Mechanical Engineering
1998
Development of the High Efficiency Rolling Piston












Follow this and additional works at: https://docs.lib.purdue.edu/icec
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html
Hwang, S. W.; Kim, K. H.; Lee, S. Y.; Kim, J. S.; and Park, S. K., "Development of the High Efficiency Rolling Piston Type Rotary
Compressor for Alternative Refrigerant R410a" (1998). International Compressor Engineering Conference. Paper 1317.
https://docs.lib.purdue.edu/icec/1317
Development of the high efficiency rolling piston type rotary 
compressor for alternative refrigerant R410a 
Seon-Woong Hwang, Kwang-Ho Kim, Sang-Yong Lee, Jin-Soo Kim, Sin-Kyu Park 
Living System Research Lab. LG Electronics fuc. 
327-23, Gasan-Dong, Keumchun-Gu, Seoul, Korea 153-23 
ABSTRACT 
This paper describes the details of performance improvement of the rolling piston type rotary compressor 
for alternative refrigerant,R410a. The efficiency of rotary compressor optimized for R410a is 
theoretically figured out and it is also experimentally confirmed. And it was found that leakage loss and 
mechanical loss make great effects on performance because of big pressure difference ofR410a. 
INTRODUCTION 
A program for complete abolition of refrigerants using HCFCs has been carried out and the alternative to 
R22 is a urgent task, then it is necessary to develop a high reliable and efficient rolling piston type rotary 
compressor for alternative refrigerant R410a(HFC32 I 125 = 50 150 wt%). That type of rotary 
compressor is widely used for domestic air conditioner. Generally, R410a has characteristics of high 
pressure and high density compared with R22. So, Increasing of leakage loss for the compression 
process and mechanical loss of the journal bearings such as upper and lower bearing, and roller-eccentric 
bearing would decrease performance of compressors. It is the optimized main dimension of some parts of 
rotary compressor (for example, cylinder, roller and shaft etc.) and the reduced gas force on roller that is 
possible to improve reliability problems in a position of vane tip wear and vane slot wear in cylinder and 
the efficiency of the rolling piston type rotary compressor. We used P-V analysis to evaluate loss factor 
and used visualization technology to find out the behaviors of leakage through the clearances of end 
faces of roller and vane under compression process. Also we measured clearance between roller end face 
and bearing, and clearance between vane end face and bearing in assembly using ultrasonic measurement 
technology. And we also succeeded to measure mechanical loss of journal bearing under real operating 
condition using concept of hydrostatic pressure bearing. As a result of using these evaluation methods, 
we found that leakage loss and mechanical loss make great effects on performance because of big 
pressure difference of R41 Oa. Effect of leakage is larger than that of R22. Table 1 compares the 
theoretical conditions between R22 and R41 Oa. The simple structure of rolling piston type rotary 
compressor is shown in Figure 1. 
Discharge Pipe 
Figure 1. Cross sectional View of Rotary Compressor 
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Table.l Theoretical Condition 
CT/ET=54.4n.2 ·c SC/SH=8 3/27 8 "C . 
R22 R410a 
Discharge _pressure Pd(kpa.ABS) 2152 3351 
Suction Pressure Ps(kpa.ABS) 625 996 
Suction gas temp. Ts( '"c) 35.0 35.0 
E~ Inlet temp. Texp("C) 46.1 46.0 
Discharge Temp. Td("C) 103.7 101.6 
Theoretical Cooling Capacity • 1.00 1.43 
Theoretical Cooling COP• 1.00 0.93 
* Relative to R22 base 
THEORETICAL ANALYSIS AND EXPERIMENT 
!.Optimization of Main Dimension 
In this chapter, the dynamic behavior of the rolling piston 
type rotary compressor is presented. Figure 2 shows force 
equilibrium on roller. The force imposed on the roller can be 
[e:~relssed as below(. 
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Figure 2. Schematic Diagram of Cylinder Part 
To simulate the effect of leakage, the Fanno flow model is 
adapted. Compared to Nozzle Flow, the Fanno flow 
considers the channel which is located in the direction of 
leakage path. The characteristics of leakage flow is changed 
by the length and gap of channel. 
P. = f (f.,,IC ,M .) 
r. = a<t:,,JC,M.> 
m '= AM ,P, .JR:T. (4) 
The volumetric efficiency of compressor is calculated after 
Nozzle Channel 
Figure 3. Fanno Flow Model 
the mass flow rate of leakage, re-expansion, and heat transfer was simulated. During c
ompression, the 
compression efficiency is calculated. Therefore the efficiency of compressor can- b
e calculated as 
friction loss, volumetric efficiency, and compression efficiency are known. We analyze 
the compressor 
performance with the dimension being changed. And the relative velocity between vane
 and roller, the 
pressure of shaft and vane tip are evaluated to check the reliability of compressor. Fig
4 shows us the 
velocity between vane and roller. To avoid severe wear of vane, the dimension with 
the slip motion 
during 1 cycle is adapted. Fig5 shows the result of the simulation having good agre
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Figure 5. Comparison Between Experiment and Simulation 
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2. P-V Analysis 
The rotary compressors for R410a have lower energy efficiency than that of R22 because of high 
pressure difference between suction and discharge chamber at the compressor part. Also the loss of re-
expansion gas which occurs at discharge port of rotary compressors for R410a becomes more severe than 
that for R22 due to high density of R41 Oa refrigerant. It is necessary that the discharge system of rotary 
compressors for R410a should be redesigned to decrease the discharge losses. Therefore we carried out 
P-V analyses for existing rotary compressors for R410a to find out the quantities of various losses 
occurring in actual cyclic process. The actual P-V diagram obtained by cylinder pressure measured with 
pressure transducers is shown in Figure 6. And the portions of losses in rotary compressor for R41 Oa is 
shown in Figure 7. We found out the optimal dimensions of discharge system for R410a to reduce losses 
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Figure 6. P-V Diagram 
3. Visualization of Leakage Path 
The visualization experiment is carried out to 
evaluate the phenomena of leakage in the compressor. 
FigureS shows the visualization system. It is 
composed of high speed camera, laser beam, image 
grip board, and filter. The high speed camera can 
capture pictures at 45,000pps(pictures per second). 
The experiment is conducted in a real condition of 
compressor(PJPd=5115kgf/cm2). Figure9 shows the 
result of visualization. Through the vane head, the 
compressed refrigerant is leaked to suction chamber, 
and the refrigerant inside roller is leaked to the inner 
Over-Compression Loss 

















Figure 8. Test set-up for experiment 
cylinder(suction chamber and compression chamber). The leakage is related with the gap between the 
bearing head and the end faces of vane and roller. If the gap is adjusted at proper size, the performance of 
compressor can be up to 3%. 
Figure 9. Visualization inside compressor 
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4. Measurement of Clearances Using Intrasonic Measurement 
It is hard to measure clearances in assembly where leakage of refrigerant mixture is occurred in 
compression process. So far we have measured the dimension of each parts to know the size 
of 
clearances. But it is difficult to know real clearances after assembly. Actually, The size of clearanc
es 
before and after assembly is different because of the effects of roller weight and oil film thickness. So 
we 
used the ultrasonic measurement technology which is recently used in the non-destruction inspection are
a 
to measure clearances in a compressor assembly state. Figure 10 shows the concept of ultraso
nic 
measurement that uses the reflection and the penetration characteristics of ultrasonic waves. When 
oil 
film thickness h is larger than wave length A of ultrasonic waves, ultrasonic waves are well separated
 
and serially reflected in time domain. Using this characteristics, thickness h can be measured when de
lay 
of reflected waves is measured. Figure 11 shows the schematic diagram for measurement of clearanc
es 
between roller end face and bearing head. As shown in Figure 11., Ultrasonic transducers are attached t
o 
sub bearing and main bearing each other. Ultrasonic data for clearances of bearing head and roller e
nd 
face is shown in Table 2. Figure 12 shows ultrasonic signal in time variation. If time delay Lit from the 
first reflected wave to the second reflected wave is measured, the thickness h is decided by the pha
se 
velocity C2 of medium2. As a result, it is found that ultrasonic data of summ
ation of hs and hm is larger 
than total clearance using the ordinary method. So, it is recommended that clearances should 
be 
decreased to the level usually admitted. 
Oil film 
Figure 10. Concept of Measurement Clearance 
Table 2. Ultrasonic data for clearance 







Figure 11. Measurement of Clearance 




5. Measurement of Friction Loss in .Journal Bearing 
We tried to analyze the lubrication characteristic between the rotational shaft and sub journal bearing 
among the many contact areas in the rotary compressor. In the experiment, we designed the multi-pad 
type hydrostatic journal bearing to the sub journal bearing and measured the friction loss. Figure 13 
shows the result of friction loss with a time variation and the experimental apparatus to measure the 
friction force. In the rotary compressor, the refrigerant, the discharge pressure, the oil film thickness, the 
viscosity and the geometry of the bearing etc.. are the factors influencing on the lubrication 
characteristics between the rotational shaft and the sub journal bearing. Especially, among these several 
factors, it is known that the variation of viscosity and the lubrication condition resulted from the large 
amount of lubricant involved in the refrigerant gas is directly related to the friction force occurred at the 
sliding part of the compressor. In this experiment, it is also known that the friction force and the energy 
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Figure 13. Friction loss to time variation & measurement device 
6. Measurement of Metal Contact in .Journal Bearin2 
When the design variables of journal bearing are changed, we need to evaluate the sensitivity 
of those variables on bearing-shaft system. To accomplish these things, so called Electrical 
Resistance Method was used. We can assume that whole mechanical parts of rotary compressor 
including journal bearings and crank shaft are electrically conductive. Also when the motion of 
crank shaft in journal bearings is stable, there is no metal contact phenomenon among them. As 
shown in Figure 14, both of crank shaft and bearings are adopted as electrode each other, and 
alternately one of them has the role for electric ground, and some electric circuit device and 
oscilloscope are needed to process the I/0 voltage signals and display the output result. The 
electric circuit is made of simple analog units like resistance and power supply device. When the 
two electrodes(bearing and crank shaft) has metal contact each other, the electric circuit makes 
the input voltage level decreased. Consequently we can easily check the sensitivity of design 
variables of journal bearings experimentally, and then detect what variable is important on 
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Figure 14. Device for measuring contact of shaft and lower bearing & signal (in 1 hour after starting) 
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CONCLUSIONS 
In this paper, the optimization and the reliability of rotary compressor for R410a are analyzed a
nd 
experiments to measure pressure, clearance, friction loss, and metal contact are performed. As a
 result, 
A high reliable and efficient rotary compressor for R410a has been developed by LG Electroni
cs. The 
following conclusions are obtained. 
(1) Relative velocity between vane and roller is simulated and it is known that there is slip mode 
in the 
full range. Optimization of main dimension is evaluated theoretically and experimentally, and th
e result 
of simulation has good agreement with experiment . 
(2) Jn according to the P-V analysis, it is found that compression efficiency of R410a is lower than that 
ofR22. 
(3) Leakage is observed in the inside compressor (vane and roller end face) by visualizatio
n. The 
amount of leakage is strongly related to the compression efficiency and is effected especially on
 R41 Oa 
as clearance is changed. 
(4) Ultrasonic technology is introduced to measure the clearance of rotary compressor. It is kno
wn that 
the clearance in assembly is larger than the expected clearance which is calculated by eac
h parts 
dimension (vane, roller, cylinder height). It is due to roughness and deformation after assembly. 
(5) It is possible to measure friction loss of journal bearing under real operating condition us
ing the 
concept of the hydrostatic bearing. 
(6) It is possible to check the sensitivity of design variables of journal bearing system effecti
vely by 
using Electrical Resistance Method. 
NOMENCLATURE 
e shaft angular displacement 
a angle extended by the roller and vane contact point 
(1) P roller angular velocity 
a' angular velocity of vane and roller contact point 
Jlv friction coefficient of vane tip 
J1 s friction coefficient of vane side 
r1 sg n (- x:) 
Y2 sgn(F,) 
Y3 sgn(F2 ) 
r4 sgn ( vpv) 
a vane thickness 
ro roller outer radius 
rv vane tip radius 
mv vanemass 
F, resultant force of roller in radial direction 
F
8 
resultant force of roller in tangential direction 
X vane displacement 
v 
F, reaction force of slot 1 
F
2 
reaction force of slot 2 
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